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(m) Selective production of ethylene end propylene. 

@ Feed hydrocarbons comprising propane and butanes are 
cracked to selectively maximize the production of ethylene or 
propylene by contacting the feed hydrocarbons with a crack- 
ing catalyst, adapted to convert the feed hydrocarbons to less 
saturated hydrocarbons, under conditions sufficient to thus 
crack the feed hydrocarbons, to thereby selectively maximize 
the production of ethylene, and, at least intervally. hydrogen 
sulfide or a hydrogen sulfide precursor is added to the feed 
hydrocarbons to thereby maximize the production of . pro* 
pylene. Preferred catalysts which may be utilized in the pro- 
cess and which are highly selective to the production of 
ethylene, as opposed to propylene, (in the absence of 
hydrogen sulfide or hydrogen sulfide precursor) include 
mixed oxides of manganese and magnesium, mixed oxides of 
manganese and Lanthanum Series metals and/or niobium, 
mixed oxides of Iron and magnesium and mixed oxides of 
Iron and Lanthanum Series metal and/or niobium. The effect- 
ive life of the cate ly st, particularly for the selective production 
of ethylene, is increased by carrying out the process in the 
presence of steam. When the catalyst contains manganese, 
the steam is optional whereas, when the catalyst contains 
iron, the steem is essential. The life of the magnesium based 
ceialysis as well as their selectivity, particularly to ethylene, 
can also be extended by adding small promoting amounts of 
oxides of calcium, strontium, barium, tin, antimony, silicone, 
aluminum, titanium and/or chromium. All of the above prom- 
oters are useful in the Iroh/magnesium catalysts except the 



calcium, strontium, barium, tin and antimony. Only 
chromium is useful as a promoter for the Lanthanum Series 
and niobium based catalysts. 
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SELECTIVE PRODUCTION OF ETHYLENE AND PROPYLENE 

The present invention relates to the cracking of propane and 
butanes to ethylene and propylene. In a more specific aspect, the 
present invention relates to a method for cracking of propane and butanes 
to selectively maximize production of either ethylene or propylene. 
5 Background of the Invention 

Olefins, such as ethylene and propylene , have become major 
feedstocks in the organic chemical and petrochemical industries. While 
the requirements for ethylene, as a feedstock, is about double that for 
propylene, fluctuations in the demand for these two materials make it 

10 desirable to produce one rather than the other, as required by market 
demands. Consequently, it would be highly desirable to be able to 
maximize the production of ethylene, as opposed to propylene, or vice 
versa, utilizing the same system in the same mode of operation, 
particularly utilizing a catalyst. 

15 Numerous suggestions have been made for the production of 

ethylene and propylene from various feedstocks and by a wide variety of 
processes. 

At the present time ethylene and propylene are produced almost 
exclusively by dehydrogenation or thermal cracking of ethane and propane, 

20 naphtha and, in some instances, gas oils. About 75 percent of the 
ethylene and propylene currently produced in the United States is 
produced by steam cracking of ethane and higher normally gaseous 
hydrocarbons derived from natural gas, since natural gas contains from 
about S volume percent to about 60 volume percent of hydrocarbons other 

25 than methane. However, in most instances, the content of ethane and 
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higher normally gaseous hydrocarbons in natural gas is less than about 25 
percent and usually less than about 15 percent. Consequently, these 
limited quantities of feedstocks > which are available for the production 
of ethylene and propylene, must be utilized efficiently. Unfortunately, 
5 these processes result in low conversions to olefins and selectively to 
ethylene, as opposed to propylene, is usually poor. In addition, 
relatively severe conditions, particularly temperatures in excess of 
about 1,000°C, are required and such processes are highly energy 
intensive. 

]0 In order to reduce the severity of the conditions and, more 

importantly, to improve the conversion of normally gaseous feedstocks to 
ethylene and propylene, numerous processes involving the use of solid 
contact materials have been proposed. Some of these proposals utilize 
inert solid contact materials in order to improve contact between the 

15 feed hydrocarbons and steam and also to maintain a more even temperature 
throughout the zone of reaction. In other instances, the solid contact 
material is catalytic in nature. Such use of solid contact materials, 
particularly catalysts, have resulted in modest improvements in 
conversion to. ethylene and propylene but the selectivity is improved very 

20 little. It is, therefore, highly desirable that improved catalytic 
processes be developed, particularly processes which increase the 
selectivity to ethylene and propylene • However, little is understood 
concerning the manner in which such catalysts function, why certain 
components are effective while similar components are ineffective and why 

25 certain combinations of components are effective and other combinations 
are not. Obviously, a number of theories have been proposed by workers 
in the art, but this only adds to the confusion, since it appears that 
each theory explains why a particular contact material works well but 
does not explain why similar catalytic materials do not work and why 

30 other dissimilar materials are effective. As a result the art of 
catalytic conversion of hydrocarbons to olefins remains highly 
unpredictable. 

As previously indicated, it would be highly 'desirable to be 
able to utilize the same equipment and the same mode of operation to 
35 maximize either ethylene or propylene production, as market conditions 
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dictate. However, this is complicated by a number of factors, One 
difficulty iB that both thermal and catalytic processes > in the past, 
produce substantially larger volumes of propylene than ethylene. Where a 
catalyst is utilized, it is necessary, in most instances, to change 
5 catalysts in order to maximize ethylene and propylene production as 
desired. It is also possible to shift production from ethylene to 
propylene or vice versa by the addition of catalyst-poisioning materials 
to the feed. However, such added materials have a tendency to 
permanently damage the catalyst, in many cases, to the extent that 
10 replacement is necessary. Accordingly, it is generally not possible to 
repeatedly change from the maximization of ethylene to propylene and vice 
versa . 

Summary of the Invention 
It is therefore an object of the present invention to provide 

15 an improved method for cracking propane and butanes to produce ethylene 
and propylene, which overcomes the above and other disadvantages of the 
prior art. Another object of the present invention is to provide an 
improved method for the cracking of propane and butanes to selectively 
maximize the production of ethylene or propylene. Still another object 

20 of the present invention is to provide an improved method for the 

cracking of propane and butanes to selectively maximize the production of 
ethylene or propylene, in the presence of a catalytic material. Yet 
another object of the present invention is to provide an improved method 
for cracking propane and butanes, in the presence of catalyst, which 

25 significantly increases the production of ethylene, as opposed to 
propylene. Another and further object of the present invention is to 
provide an improved method for the cracking of propane and butanes, in 
the presence of catalyst, which produces substantially increased amounts 
of ethylene, as opposed to propylene, but can be utilized to increase the 

30 production of propylene, as opposed to ethylene, without noticeable 
deactivation or damage to the catalyst. 

These and other objects of the present invention will be 
apparent from the following description. 

It has been found, in accordance with the present invention, 

35 that propane and butanes can be cracked to selectively maximize the - 
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production of ethylene or propylene by contacting the feed hydrocarbons 
with a cracking catalyst, adapted to convert the feed hydrocarbons to. 
less saturated hydrocarbons, under conditions sufficient to thus crack 
the feed hydrocarbons., whereby the production of ethylene is maximized 
5 and to then add hydrogen sulfide or a hydrogen sulfide precursor, without 
changing catalyst or the conditions of operation, whereby the production 
of propylene is maximized. Preferred catalyst compositions which 
selectively produce ethylene, as opposed to propylene, in the absence of 
hydrogen sulfide, include oxides of manganese and magnesium, oxides of 

10 manganese and Lanthanum Series metals and/or niobium, oxides of iron and 
magnesium and oxides of iron and Lanthanum Series metals and/or niobium. 
The life of the catalyst can be extended and the selectivity to ethylene 
improved by carrying out the reaction in the presence of steam. In 
addition, the life of the catalyst may be extended and the selectivity to 

15 ethylene increased by the addition of certain promoting metal oxides to 
the basic catalysts. 

Detailed Description of the Invention 
The present invention provides a convenient method for 
catalytically cracking propane and butanes to produce ethylene and 

20 propylene, in which the operation can be modified to repeatedly switch 
from the maximization of ethylene production to the maximization of 
propylene production, without noticeable deterioration or damage to the 
catalyst. In a preferred embodiment of the present invention, a 
particular group of catalysts are utilized, which produce substantially 

25 greater quantities of ethylene, as opposed to propylene, than 

conventional catalysts yet can be so converted to the maximization of 
propylene production, without deterioration or damage to the catalyst's 
ability to again produce substantially larger quantities of ethylene, as 
opposed to propylene. 

30 The hydrocarbon feed, in accordance with the present invention, 

can include any normally gaseous hydrocarbon stream containing 
significant amounts of propane and butanes. The presence of other 
normally gaseous components or even normally liquid components, which 
vaporize at operating conditions, are not detrimental to the process. 

35 For example, if significant amounts of isobutanes are present, as opposed 
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to n-butane^ there will be some increase in the production of butenes 
and, if ethane is present, there appears to be little effect on product 
distribution. Components other than hydrocarbons are also generally not 
detrimental to the process. The primary criteria in all cases is the 
5 cost or difficulty of separating inert materials or the products of 
components other than propane and butanes from the desired ethylene and 
propylene and whether such separation is less costly and/or less 
difficult before or after conduct of the process. Suitable feedstocks 
for the process of the present invention can be obtained from any source 

10 including natural gas, refinery off*gases and the like. However, the 
most convenient and abundant source is propane and butanes streams 
recovered during the processing of natural gas to produce pipeline gas 
for heating purposes. Conventionally, C2 and higher hydrocarbons are 
separated from methane to produce a pipeline gas for heating purposes, 

15 which predominates in methane, by compression and expansion, cryogenic 
means or a combination of both. Usually, the natural gas, either at a 
high pressure as produced or compressed to a high pressure, is treated to 
successively condense first normally liquid hydrocarbons (Ce'*' 
hydrocarbons or natural gasoline), then C5, followed by C4, then C3, and 

20 finally, C2 hydrocarbons, by cooling to successively lower temperatures, 
with separation or fractionation of condensed liquid from uncondensed 
vapor between cooling stages. Thus, individual streams, predominating in 
an individual hydrocarbon such as C5, C4, C3 and C2> can be obtained or 
streams predominating in combinations of these individual hydrocarbons 

25 can be recovered. Accordingly, the thus separated propane stream or the 
thus separated butanes stream can be utilized as a feed hydrocarbon for 
the present invention or a stream predominating the mixture of propane 
and butanes can be utilized. Obviously, the latter would eliminate the 
necessity of one stage of cooling and separation in a natural gas 

30 processing system. 

In addition to hydrogen sulfide, a large group of hydrogen 
sulfide precursors may be utilizad, in accordance with the present 
invention. In general such hydrogen sulfide precursors include low 
molecular weight sulfur containing compounds. Suitable examples, 

35 include, mercaptans such as methyl, ethyl, propyl, isopropyl etc., 
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sulfides such as dimethyl, diethyl, diisopropyl etc. and disulfides 
including dimethyl, diethyl, diisopropyl etc. Other suitable sulfur 
containing compounds and hydrogen sulfide precursors which perform the 
same function will be apparent to one skilled in the art. 

The effectiveness of a sulfur containing compound such as 
hydrogen sulfide is quite surprising^ since these materials are known in 
the art to permanently poison cracking catalysts, thereby reducing there 
activity or rendering them useless for their intended purpose. However, 
it has been found, in accordance with the present invention, that 
hydrogen sulfide and hydrogen sulfide precursors as set forth above, do 
not effect the activity of the catalyst of the present invention and, as 
will be shown hereinafter, hydrogen sulfide can be repeatedly added to 
the feed hydrocarbons to increase the selectivity to propylene production 
and discontinued to increase the selectivity to ethylene production > 
without any noticeable reduction in the ability of the catalyst to 
maximize ethylene production. 

In the preferred embodiment of the present invention the 
cracking catalyst is selected from four catalyst systems which are highly 
effective in maximizing the production of ethylene, as opposed to 
propylene. While each of these catalyst systems possesses its own 
peculiarities, all are substantially superior to prior art systems, for 
selectively producing ethylene. These catalyst systems, include: 

(a) a catalyst composition comprising: (1) at least one oxide 
of manganese and (2) at least one oxide of magnesium; 

(b) a catalyst composition comprising: (1) at least one oxide 
of manganese and (2) at least one oxide of at least one metal selected 
from the group consisting of Lanthanum Series metals and niobium; 

(c) a catalyst composition comprising: (l) at least one oxide 
of iron and (2) at least one oxide of magnesium; and 

(d) a catalyst composition comprising: (1) at least one oxide 
of iron and (2) at least one oxide of at least one metal selected from 
the group consisting of Lanthanum Series metals and niobium. 

In general the oxide of manganese or the oxide of iron will be 
present in a minor proportion and the oxide of magnesium, the oxide of 
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Lanthanum Series metals and the oxide of niobium will be present in major 
proportions . 

Suitable amounts of oxides of manganese or oxides of iron are 
from about 0.1 to about 30 wt. %, expressed in terms of elemental metal 
based on the total weight of the catalytic mixture. Preferred manganese 
or iron contents are between about 0.5 and about 10 wt. %, expressed in 
terms of elemental metal based on total weight of the catalyst mixture. 

During operation, in accordance with the present invention, it 
has been found that small amounts of the feed hydrocarbons are converted 
to coke, which is then deposited upon the catalyst and contributes to a 
decline in catalyst activity, particularly its selectivity to ethylene 
production. Accordingly, it is desirable to periodically regenerate the 
catalyst by conventional techniques of carbon removal, such as treatment 
with an oxygen-containing gas, such as air. During such regeneration, it 
may also be desirable to use inert gas or steam dilution to control 
burn-off temperatures, as is also well known to those skilled in the art. 
In general, it has been found that such regeneration is desirable at 
about 10 minute intervals. However, in accordance with further 
embodiments of the present invention, it has been found that the 
effective life of the catalyst for the selective production of ethylene 
can be significantly extended. 

One method of extending the activity of the catalyst, for 
selective ethylene production, is to carry out the process in the 
presence of steam. In this respect, it has also been found that, while 
the use of steam is optional when the catalyst systems containing oxides 
of manganese are utilized, such use of steam is essential to the process 
when catalyst containing oxides of iron are utilized. Where oxides of 
iron are present in the catalyst it has been found that the selectivity 
to ethylene rapidly deteriorates and eventually the iron oxides are 
reduced to metallic iron which is wholly ineffective as a catalyst. 
The suitable steam/hydrocarbon mole ratios are between about 0 and about 
• 10/1 for iron-free catalysts and about 0.1 to about 10/1 for iron- 
containing catalysts, and preferably between about 0.5 and about 5/1. 

In accordance with a further preferred embodiment of the 
present invention, it has also been found that the addition of small 
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amounts of other metallic oxides, hereafter referred to as the promoters, 
are also highly effective in extending the period over which the 
catalysts will selectively produce ethylene, as proposed to propylene. 
Some of these promoters are effective for some of the catalysts but are 
ineffective or detrimental to others. The effective promoter-catalyst 
combinations may be summarized as follows. 

The Hn/MgO catalyst can be improved by the addition of small 
amounts of oxides selected from the group consisting of calcium, 
strontium, barium, tin and antimony. Of this group calcium is preferred. 
This catalyst may also be improved by the addition of at least one oxide 
of an element selected from the group consisting of silicon, aluminum and 
titanium. Combinations of silicon, aluminum and titanium and calcium, 
strontium, barium, tin and antimony may also be utilized. Finally, this 
catalyst can be improved by the addition of promoting amounts of at least 
one oxide of chromium. Chromium may also be utilized in combination with 
the calcium, strontium, barium, tin and antimony promoters. 

The Mn/Lanthanum Series or niobium catalysts may also be 
improved by the addition of at least one oxide of chromium. 

The Fe/MgO catalysts are improved by addition of at least one 
oxide of an element selected from the group consisting of silicon, 
aluminum and titanium or at least one oxide of chromium. 

The Fe/Ianthanum Series and niobium catalysts may contain 
promoting amounts of at least one oxide of chromium. 

Suitable amounts of subject promoters are between about 0.1 and 
about 30 wt. expressed in terms of the element based on the total 
weight of the catalyst composition, and preferably between about 1 and 
about 15 wt. %. Preferred amounts of the promoters are between about 2 
and about 6 wt. %. While the content of manganese and/or iron may be 
between about 0.1 and about 30 wt. when the promoters are present this 
amount will generally be reduced. When in combination with the 
promoters, a preferred range is between about 0.2 and about 10 weight 
percent, expressed in terms of the elements based on the total weight of 
the catalyst composition. 

The method of catalyst preparation does not appear to be 
critical, so long as the desired final composition of the component metal 
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oxides is obtained* Suitable methods of preparation include slurry 
blending, solution blending, dry blending, impregnation and 
co^precipitation^ all of which are well known to those skilled in the 
art. A convenient method is to add metal solids, such as, MgO or 
5 Hg(0H)2, to a blending apparatus along with a aqueous solution of a salt 
of the minor component, for example, Mn(N03)2*6H20, and mixing for 
several minutes, for example, two to five minutes, to form a thick 
slurry. In the interest of economy, excess water should be avoided. 
Additional catalyst components or promoters may also be added as desired 

10 as either solids or solutions before or during blending. Generally, the 
catalyst composition is formed by the slurry method and small amounts of 
promoters * are added by impregnation as a solution of, for example, 
nitrates. The resulting slurry is then dried in air by conventional 
means, at about lOO^C to ISC'C, calcined for about 4 hours, at about 

15 750^C to SOO^C, and then ground, sieved and, optionally, pelleted or 
otherwise sized by means well known in the art. 

The process of the present invention can be carried out in 
fixed, moving, fluidized, ebulating or entrained bed reactors. For 
experimental purposes and, obviously, to permit accurate measurement and 

20 precise control of the process variables, the runs hereafter set forth in 
the example were conducted in a fixed bed reactor. 

Following preparation of the catalyst, the catalyst may be 
prepared for use by purging with an inert gas, such as nitrogen. 
Normally, the catalyst would be disposed in the reactor, brought up to 

25 reaction temperature by preheating with air, then purged with hot 

nitrogen and, finally, introducing the hydrocarbon feed. Since it is 
preferred that steam be added to the hydrocarbon feed, in the conduct of 
the process of the present invention, it may be preferred to use steam 
rather than nitrogen as a purging gas. The catalyst may also, 

30 optionally, be pretreated with hydrogen before use. Such treatment is 
preferably carried out at about the operating temperature of the process 
and at a pressure up to about 600 psia. Such hydrogen pretreatment 
appears to reduce higher states of oxidation of manganese and/or iron 
and, thereby, reduces initial carbon oxide formation. 
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With the exception of the temperature of operation, the 
operating conditions of the process, in accordance with the present 
invention, do not appear to be highly critical. Accordingly, the 
following conditions of operation are those found effective and 
preferred. 

The hydrocarbon gas hourly space velocity (GHSV) may range from 
100 to about 3,000 but is preferably between about 500 to about 1,000. 

The operating pressure may be between about 0.1 and about 100 
psia and is preferably between about 1 and about 60 psia. 

The temperature of operation appears to be significant in the 
conversion of feed hydrocarbons to olefins and particularly in improving 
the selectivity to ethylene. Suitable temperatures range between about 
550*^0 and about 850^*0 with the preferred range being between about 650**C 
and about 775°C. 

In the operation of the process, the process will be carried 
out in the absence of hydrogen sulfide or a hydrogen sulfide precursor. 
Under these conditions, the process is selective to the production of 
ethylene, as opposed to propylene, and will be run in this mode a major 
part of the time, since propylene is also produced in lesser amounts and 
the market demand for ethylene exceeds that for propylene. However, at 
least intervally, either because of market demands or for some other 
reason, it is desirable to maximize the production of propylene. 
Accordingly, this is accomplished, simply by adding appropriate amounts 
of hydrogen sulfide or a hydrogen sulfide precursor to the feed 
hydrocarbons. The range of useful hydrogen sulfide concentrations is 
between about 0.1 and about 30 rool percent, with a preferred 
concentration being between about 0.1 and about 5 mol percent. Once a 
sufficient volume of propylene has been produced in this manner, the 
selective production of ethylene, as opposed to propylene, can be resumed 
simply by discontinuing the introduction of hydrogen sulfide or hydrogen 
sulfide precursor. Such interval maximization of propylene production 
can be repeated in the same manner, as necessary or desired, and, as 
previously indicated, the activity of the catalyst and the selective 
production of ethylene is unaffected. 
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The nature and advantages of the present invention are 
illustrated by the following example. 

A series of tests was made in which n-butane was cracked over a 
3 % Ca/5 % Mn/MgO catalyst at lOO^'C and utilizing a 1/1 steam/hydrocarbon 
ratio. The catalyst was utilized for a number of process cycles, of 30 
to 60 minutes duration, with intermittent cycles in which 1 percent 
(molar) hydrogen sulfide was included in the feed. The catalyst was 
conventionally regenerated using air and steam following each cycle. 
Typical results were set forth in the following table in which the cycle 
numbers represent, for example, 3 ethylene production * regeneration 
cycles (without hydrogen sulfide), then 7 propylene production - 
regeneration cycles (in the presence of hydrogen sulfide), then 18 
ethylene production-regeneration cycles (without hydrogen sulfide), etc. 
In the second series of runs, each cycle was 30 minutes in length. 25 cc 
of the catalyst were disposed in a fixed bed quartz reactor. Snap 
samples of product were taken and analyzed by gas chromatography. The 
conversion is expressed in mol % of n-butane converted and the 
selectivity as mol % n-butane converted to the particular product. 
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It is to be noted from the above data that at each interval in 
which hydrogen sulfide was used the selectivities to ethylene and ethane 
were suppressed by about 50 percent and the selectivity to propylene was 
increased by about 40 to almost 100 percent. In all cases » when addition 
5 of H2S was discontinued, th^ product distribution returned almost 
immediately to what it was before H2S addition* 

While specific materials, conditions of operationi modes of 
operation and equipment have been referred to herein, it is to be 
recognized that these and other specific recitals are for illustrative 
10 purposes and to set forth the best node only and are not to be considered 
limiting. 



The following part of the description are preferred embodi 
ments 1 to 29 presented in the format of claims. 
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1. A method for cracking feed hydrocarbons comprising at 
least one of propane and butanes to selectively maximize the production 
of one of ethylene and propylene, comprising: 

(a) contacting said feed hydrocarbons with a cracking catalyst, 
5 adapted to convert said feed hydrocarbons to less saturated product 

hydrocarbons, under conditions sufficient to crack said feed hydrocarbons 
to said less saturated product hydrocarbons, whereby the production of 
ethylene is maximized, and 

(b) , at least intervally> adding a material selected from the 
10 group consisting of hydrogen sulfide and hydrogen sulfide precursors to 

said feed hydrocarbons, in the presence of said cracking catalyst and 
under said conditions sufficient to crack said feed hydrocarbons to said 
less saturated product hydrocarbons, whereby the production of propylene 
is maximized. 

2. A method in accordance with claim 1 wherein addition of a 
material selected from the group consisting of hydrogen sulfide and 
hydrogen sulfide precursors is discontinued and step (a) is repeated. 

3. A method in accordance with claim 1 wherein the feed 
hydrocarbons comprise propane. 

4. A method in accordance with claim 1 wherein the feed 
hydrocarbons comprise butanes. 

5. A method in accordance with claim 1 wherein the feed 
hydrocarbons comprise a mixture of propane and butanes. 

6. A method in accordance with claim 1 wherein the temperature 
of contacting is between about 550**C and about 850®C, 

7. A method in accordance with claim 1 wherein the contacting 
is carried out in the presence of steam. 

8. A method in accordance with claim 7 wherein the steam/ feed 
hydrocarbons mol ratio is less than about 10/1. 

9. A method in accordance with claim 1 wherein the cracking 
catalyst is a catalyst composition selected from the group consisting of: 

(a) a catalyst composition comprising: (1) at least one oxide 
of manganese and (2) at least one oxide of magnesium; 
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(b) a catalyst composition comprising: (l) at least one oxide 
Of manganese and (2) at least one oxide of at least one metal selected 
from the group consisting of Lanthanum Series metals and niobium; 

(c) a catalyst composition comprising: (1) at least one oxide 
of iron and (2) at least one oxide of magnesium; and 

(d) a catalyst composition comprising: (1) at least one oxide 
of iron and (2) at least one oxide of at least one metal selected from 
the group consisting of Lanthanum Series metals and niobium. 

10. A method in accordance with claim 9 wherein the catalyst 
composition comprises: (1) at least one oxide of manganese and (2) at 
least one oxide of magnesium. 

11. A method in accordance with claim 10 wherein the catalyst 
composition additionally contains at least one oxide of at least one 
metal selected from the group calcium, strontium, barium, tin and 
antimony. 

12. A method in accordance with claim 11 wherein the catalyst 
composition additionally contains at least one oxide of at least one 
element selected from the group consisting of silicon, aluminum and 
titanium. 

13. A method in accordance with claim 11 wherein the catalyst 
composition additionally contains at least one oxide of chromium. 

14. A method in accordance with claim 10 wherein the catalyst 
composition additionally contains at least one oxide of at least one 
element selected from the group consisting of silicon, aluminum and 
titanium. 

15. A method in accordance with claim 10 wherein the catalyst 
composition additionally contains at least one oxide of chromium. 

16. A method in accordance with claim 9 wherein the catalyst 
composition comprises: (1) at least oxide of manganese and (2) at least 
one oxide of at least one metal selected from the group consisting of 
Lanthanum Series metals and niobium. 

17. A method in accordance with claim 16 wherein the Lanthanum 
Series metal is at least one metal selected from the group consisting of 
lanthanum and cerium. 
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18. A method in accordance with claim 36 wherein the catalyst 
composition additionally contains at least oxide of chromium. 

19. A method in accordance with claim 9 wherein the catalyst 
composition comprises: (1) at least one oxide of iron and (2) at least 
one oxide of magnesium. 

20. A method in accordance with claim 19 wherein the catalyst 
composition additionally includes at least one oxide of manganese. 

21. A .method in accordance with claim 10 wherein the catalyst 
composition additionally contains at least one oxide of at least one 
element selected from the group consisting of silicon, aluminum and 
titanium. 

22 « A method in accordance with claim 20 wherein the catalyst 
composition additionally contains at least one oxide of chromium. 

23. A method in accordance with claim 19 wherein the catalyst 
composition additionally contains at least one oxide of at least one 
element selected from the group consisting of silicon^ aluminum and 
titanium. 

24. A method in accordance with claim 19 wherein the catalyst 
composition additionally contains at least one oxide of chromium. 

25. A method in accordance with claim 9 wherein the catalyst 
composition comprises: (1) at least one oxide of iron and (2) at least 
one oxide of at least one metal selected from the group consisting of 
Lanthanum Series metals and niobium. 

26. A method in accordance with claim 25 the Lanthanum Series 
metal is at least one metal selected from the group consisting of 
lanthanum and cerium. 

27. A method in accordance with claim 25 wherein the catalyst 
composition additionally contains at least one oxide of manganese. 

28. A method in accordance with claim 27 wherein the catalyst 
composition additionally contains at least one oxide of chromium. 

29. A method in accordance with claim 25 wherein the catalyst 
composition additionally contains at least one oxide of chromium. 
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Claims 

11. A method for cracking feed hydrocarbons coiiiprising at 
least one of propane and butanes, in particular feed hydro- 
carbons comprising propane or butanes or a mixture of propane 
and butanes, to selectively maximize the production of one 

5 of ethylene and propylene, comprising: 

(a) contacting said feed hydrocarbons with a cracking 
catalyst, adapted to convert said feed hydrocarbons to less 
saturated product hydrocarbons, under conditions sufficient 

to crack said feed hydrocarbons to said less saturated product 
10 hydrocarbons, whereby the production of ethylene is maximized, 
and 

(b) at least intervally, adding a material selected from 
the group consisting of hydrogen sulfide and hydrogen sulfide 
precursors to said feed hydrocarbons, in the presence of 

15 said cracking catalyst and under said conditions sufficient 
to crack said feed hydrocarbons to said less saturated 
product hydrocarbons, whereby the production of propylene is 
maximized. 

20 2. A method in accordance with claim 1 wherein addition of 
a material selected from the group" consisting of hydrogen 
sulfide and hydrogen sulfide precursors is discontinued and 
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2 

1 step (a) is repeated. 

3. A method in accordance with claim 1 wherein the tem- 
perature of contacting is between about 550 **C and about 850*'C. 

5 

4. A method in accordance with claim 1 wherein the con- 
tacting is carried out in the presence of steam, in par- ' 
ticular wherein the steam/feed hydrocarbons mol ratio is 
less than about 1 0/1 . 

10 

5. A method in accordance with claim 1 wherein the crack- 
ing catalyst is a catalyst composition selected from the 
group consisting of: 

(a) a catalyst composition comprising: (1) at least one 
15 oxide of manganese and (2) at least one oxide of magnesium; 

(b) a catalyst composition comprising: (1) at least 
one oxide of manganese and (2} at least one oxide of at 
least one metal selected from the group consisting of 
Lanthanum Series metals and niobium; 

20 (c) a catalyst composition comprising: (1) at least one 

oxide of iron and (2) at least one oxide of magnesium; and 

(d) a catalyst composition comprising: (1) at least one 
oxide of iron and (2) at least one oxide of at least one 
metal selected from the group consisting of Lanthanian 

25 Series metals and niobium. 

6. A method in accordance with claim 5 wherein the catalyst 
composition comprises: (1) at least one oxide of manganese 
and (2) at least one oxide of magnesium, in particular 

30 wherein the catalyst composition additionally contains at 
least one oxide of at least one metal selected from the 
group calcium, strontium, barium, tin and antimony. 

7. A method in accordance with claim 5 wherein the catalyst 
35 composition comprises: (1) at least one oxide of manganese 

and (2) at least one oxide of at least one metal selected 
from the group consisting of Lanthanum Series metals and niobium 
in particular from the group consisting of lanthanum and 



J cerium. 
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8. A method in accordance with claim 5 wherein the catalyst 
composition comprises: (1) at least one oxide of iron and 
(2) at least one oxide of magnesium, in particular wherein 
the catalyst composition additionally includes at least one 
oxide of manganese. ' 

9. A method in accordance with claims 6 or 8 wherein the 
catalyst composition additionally contains at least one 
oxide of at least one element selected from the group 
consisting of silicon, aluminum and titaniiam. 

10. A method in accordance with claim 5 wherein the catalyst 
composition comprises: (1) at least one oxide of iron and 
(2) at least one oxide of at least one metal selected from, 
the group consisting of Lanthanum Series metals and niobium, 
in particular from the group consisting of lanthantim and 
cerium. 

11. A method in accordance with claim 10 wherein the 
catalyst composition additionally contains at least one 
oxide of manganese. 

12. A method in accordance with claims 6, 7, 8, 10 or 11 
wherein the catalyst composition additionally contains at 
least one oxide of chromium. 
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